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Abstract The purpose of this study is to determine
reduction of door-to-balloon (D2B) time using a single
universal guiding catheter (Ikari-Left catheter) in transra-
dial approach. In this procedure, we can skip a total of five
steps compared with a conventional procedure (two
catheter insertions, two catheter removals, and one catheter
engagement). Reducing total ischemic time is important to
achieving a better outcome in primary percutaneous coro-
nary intervention (PCI) for ST segment elevation
myocardial infarction (STEMI). We retrospectively com-
pared 30 consecutive STEMI patients who underwent
transradial primary PCI with a single guiding catheter (IL
group) with 30 consecutive patients with conventional
transradial primary PCI. Patients with cardiogenic shock,
heart failure, or need for intra-aortic balloon pumping
support before primary PCI were excluded. Baseline
characteristics were not different between the two groups.
The D2B time was significantly shorter in the IL group
(55 ± 16 vs. 63 ± 17 min, respectively; p = 0.01).
Puncture-to-balloon time was also significantly shorter in
the IL group (15 ± 11 min vs. 25 ± 11 min, respectively;
p = 0.001). The total number of diagnostic and guiding
catheters was significantly less in IL group (1 (IQR 1-1) vs.
3 (IQR 3-3), respectively; p\ 0.0001). Primary PCI with a
single universal guiding catheter reduced D2B time by
skipping several procedural steps, and reduced the total
number of catheters needed. This technique could reduce
patient mortality as well as total medical cost.
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Introduction
Primary percutaneous coronary intervention (PCI) reduces
the mortality rate in patients with acute ST segment ele-
vation myocardial infarction (STEMI) [1, 2]. Shorter door-
to-balloon (D2B) time has strong association with a lower
mortality rate [3–5]. Based on these data, a D2B time of
\90 min has been established as a Class I recommendation
in the current guidelines [6, 7]. To reduce the D2B time,
many studies have suggested strategies to reduce door-to-
catheterization laboratory time [8, 9]. On the other hand,
there is still room for improvement to reduce catheteriza-
tion laboratory-to-balloon time.
Recently, the radial approach in primary PCI has
revealed significant clinical benefits in reducing bleeding
events and morbidity compared with the femoral approach;
however, D2B time with the radial approach was longer
than with the femoral approach [10, 11]. Shortening D2B
time using the radial approach would be one way to
improve STEMI patient outcome. A previous study showed
that a high success rate was achieved safely in transradial
PCI using a 6-Fr single universal guiding catheter (IL,
Ikari-Left catheter; Terumo Corporation, Tokyo, Japan) in
elective cases [12]. IL catheter is one of the universal
catheters that is feasible for both transradial and trans-
femoral intervention [13], for both right and left coronary
artery [14, 15], and coronary anomalies like high takeoff.
Thus, we developed a hypothesis that a single universal
guiding catheter can shorten D2B time compared with the
conventional strategy in primary PCI for STEMI.
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We retrospectively analyzed 30 consecutive patients with
STEMI who underwent primary PCI with a single universal
guiding catheter (Ikari-left catheter, IL group) at Tokai
University Hospital from January 2013 to May 2015.
Inclusion criteria were: medical consultation\24 h after
symptom onset, chest pain lasting[20 min, ST segment
elevation[1 mm in at least two continuous leads, or new
left bundle branch block. In the same period, 30 consecu-
tive patients who underwent primary PCI with the tran-
sradial approach using diagnostic catheters and a guiding
catheter were enrolled as a control group (Conventional
group). We excluded patients with persistent pulseless
cardiogenic shock, heart failure (Killip[ II), or patients
needing intra-aortic balloon pumping (IABP) support
before the primary PCI. We also excluded patients who
could not perform the transradial approach (radial artery
was not palpable, abnormal Allen’s test result, or
hemodialysis patients with A-V shunt in upper limb).
However, radial approach failure and crossover to a
femoral approach were not reasons for exclusion.
This study complied with the Declaration of Helsinki in
regard to investigation in humans and was approved by the
institutional ethics committees at Tokai University Hospi-
tal. There was no industry involvement in the design,
conduct, financial support, or analysis of this study.
PCI procedure
All patients were pretreated with a loading dose of 300 mg
clopidogrel and 200 mg aspirin. Procedural anticoagulation
was achieved with preliminary administration of an
unfractionated heparin bolus at a dose of 70 IU/kg,
supplemented during the procedure to maintain an acti-
vated clotting time of[250 s. All patients received 100 mg
aspirin once daily for life and 75 mg clopidogrel for at least
6 month after the procedure. Thrombolytic agents and
glycoprotein IIb/IIIa inhibitor were not given before the
procedure.
In the Conventional group, primary PCI was performed
with diagnostic catheters and a guiding catheter. First, a
6-Fr sheath was inserted through radial artery. Right
coronary artery angiography was performed with a 4-Fr JR
diagnostic catheter (Judkins Right catheter, Asahi Intecc,
Nagoya, Japan). After that, the JR diagnostic catheter was
removed, and left coronary artery angiography was per-
formed with a JL diagnostic catheter (Judkins Left catheter,
Asahi Intecc). After the JL diagnostic catheter was
removed, the operator chose the type of guiding catheter
and engaged it to the culprit vessel. Type of guiding
catheter was at discretion of operators. In the IL group,
after 6-Fr sheath insertion through radial artery, angiogra-
phy of non-culprit coronary artery was performed with a
6-Fr Ikari-Left guiding catheter. After that, the Ikari-Left
guiding catheter was disengaged from the non-culprit
coronary artery and directly engaged to the culprit coronary
artery without catheter exchange (Fig. 1). The timing of
changing guiding catheter and approach site was at dis-
cretion of operators.
Study endpoints and definition
The primary endpoint of this study was D2B time, which
was the time from arrival at the hospital until first device
activation in the culprit artery. Secondary endpoints were
30-day incidence of major adverse cardiac event (MACE),
hospital stay, and puncture-to-balloon time, which was the
time from needle puncture for local anesthesia infusion
until first device activation. Data on 30-day outcomes were
Fig. 1 Primary PCI with single
guiding catheter and
conventional strategy. JL
Judkins left catheter, LCA left
coronary artery, JR Judkins
right catheter, RCA right
coronary artery
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obtained by direct patient visit or contact with referring
physician in the absence of any adverse event. MACE was
defined as all-cause death, MI due to acute or sub-acute
stent thrombosis, or target lesion revascularization. Cardiac
death was defined as any death due to cardiac cause, pro-
cedure-related deaths, or death due to unknown cause. New
myocardial infarction was defined as new ischemic symp-
toms lasting [20 min and new or recurrent ST segment
elevation or depression[1 mm in at least two contiguous
leads, associated with a [20 % increase of the cardiac
biomarker values not attributable to the evolution of the
index myocardial infarction [16]. Stent thrombosis was
classified by the Academic Research Consortium definition
as definite, probable, or possible [17].
Statistical analysis
Baseline patient characteristics are summarized with
mean ± SD for continuous variables with normal distri-
bution, or median (first to third quartiles) for those con-
tinuous but with skewed distribution. The Wilcoxon rank-
sum test was used to determine statistically significant
differences in clinical parameters between the two groups.
Fisher’s exact test was applied to determine the difference
between categorical variables. To identify factors that
might be related to D2B time, logistic regression models
were used. Data were analyzed using JMP version 9.0.0
(SAS Institute Inc., Cary, NC, USA). A p value of\0.05
was considered statistically significant.
Table 1 Baseline
characteristics
IL (N = 30) Conventional (N = 30) p value
Age, years 68 ± 10 64 ± 10 0.2
Male, % 73.3 76.7 0.7
Culprit (LAD, LCX, RCA), n 16, 1, 13 17, 2, 11 0.7
Height, cm 163 ± 9 162 ± 8 0.7
Weight, kg 63 ± 12 63 ± 13 0.5
Current smoking, % 26.7 33.3 0.5
Hypertension, % 80 83.3 0.7
Dyslipidemia, % 80 90 0.2
Diabetes mellitus, % 23.3 23.3 1
Insulin, % 10 3.3 0.1
Old MI, % 13.3 3.3 0.1
Prior PCI, % 10 6.7 0.6
Prior CABG, % 0 0 1
Prior stroke, % 0 0 1
Hemoglobin, % 13.8 ± 2.2 13.8 ± 2.5 0.9
LDL-C, mg/dL 127 ± 41 132 ± 30 0.6
HDL-C, mg/dL 46 (39–61) 52 (42–64) 0.07
Triglyceride, mg/dL 89 (54–160) 99 (67–185) 0.2
Serum creatinine, mg/dL 0.8 (0.7–1.0) 0.9 (0.7–1.1) 0.1
eGFR, mL/min/1.73 m2 69.2 ± 17.4 65.5 ± 20.1 0.5
BNP, pg/dL 28.0 (17.5–76.6) 58.7 (19.8–115.6) 0.5
Temporally pacemaker, % 23.3 13.3 0.3
Post-IABP, % 3.3 6.7 0.5
SBP, mmHg 132 ± 31 139 ± 29 0.3
DBP, mmHg 78 ± 24 81 ± 17 0.4
Heart rate, beats/min 78 ± 23 82 ± 16 0.4
Killip I/II/III/IV, n 26/4/0/0 28/2/0/0 0.3
Cardiac arrest before arrival, % 10 10 1.0
GRACE score 158 ± 24 150 ± 20 0.2
LAD left anterior descending artery, LCX left circumflex artery, RCA right coronary artery, MI myocardial
infarction, PCI percutaneous coronary intervention, CABG coronary artery bypass graft, IABP intra-aortic
balloon pumping, SBP systolic blood pressure, DBP diastolic blood pressure
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Results
Baseline characteristics and clinical status on arrival are
shown in Table 1. There were no statistically significant
differences between the groups’ baseline characteristics.
Procedural characteristics are shown in Table 2. The D2B
time was significantly shorter in the IL group compared
with the Conventional group (55 ± 16 vs. 63 ± 17 min,
respectively; p = 0.01). Although door-to-puncture time
was not significantly different between the two groups
(42 ± 17 vs. 40 ± 12 min, respectively; p = 0.7), punc-
ture-to-balloon time was also significantly shorter in the IL
group compared with the Conventional group (15 ± 11 vs.
25 ± 11 min, respectively; p = 0.001) (Fig. 2). Logistic
regression analysis was performed to identify the clinical
factors associated with D2B. In the IL group, temporary
pacemaker insertion before PCI and crossover to the
femoral artery approach were included as independent
Table 2 Results
IL (N = 30) Conventional (N = 30) p value
D2B time, min 55 ± 16 63 ± 17 0.01
Puncture to first device time, min 15 ± 11 25 ± 11 0.001
Contrast volume, mL 138 (114–163) 160 (124–185) 0.3
Exposure time, min 17.4 (13.6–29.6) 24.3 (17.4–36.7) 0.5
Exposure volume, Gy 1611 ± 974 1628 ± 883 0.9
Peak CK, IU/L 2137 (1212–6682) 2493 (1110–3811) 0.08
ICU stay, days 3 (2–5) 3 (2–4) 0.1
Hospital stay, days 8 (7–12) 8 (7–10) 0.1
Access site complication 0 0 1
Number of guiding catheters 0.04
1 30 28
2 0 2





Total number of catheters 1 (1) 3 (3–3) \0.0001
Crossover to femoral approach, % 6.7 6.7 1
30-day mortality, % 0 0 1
30-day MACE, % 0 0 1
D2B door-to-balloon, ICU intensive care unit, MACE major adverse cardiac event
Fig. 2 Door-to-balloon time
and puncture-to-balloon time in
the IL and Conventional groups.
D2B time (55 ± 16 vs.
63 ± 17 min, respectively;
p = 0.01) and puncture-to-
balloon time (15 ± 11 vs.
25 ± 11 min, respectively;
p = 0.001), were significantly
shorter in the IL group
compared with the
Conventional group. D2B door-
to-balloon
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variables. Use of the IL was identified as a factor con-
tributing to D2B (b -5.28, 95 % CI -9.68 to -0.88;
p = 0.01) (Table 3). In this study, there was no mortality at
30-day or MACE in either group. Length of hospital stay,
intensive care unit stay, contrast volume, X-ray exposure
time, and peak CK were not significantly different between
the groups (Fig. 2).
In the IL group, 2 patients (6.7 %) needed diagnostic
catheterization (JR-4) because angiography of non-culprit
right coronary artery was difficult to engage with IL
catheter; however, all culprit coronary arteries in this group
were successfully engaged with an IL catheter. In the
Conventional group, 2 patients (6.7 %) needed another
type of guiding catheter. The percentage of crossover to the
femoral artery due to difficulties with the radial approach
was the same (6.7 %) in both groups (Table 2). The total
number of catheters used was significantly less in the IL
group.
Discussion
In this study, primary PCI with a single universal guiding
catheter (Ikari-Left catheter) significantly reduced D2B
time compared with the conventional strategy. Also, the
total number of catheters used was significantly less.
Using a single universal guiding catheter, we can per-
form both angiography and primary PCI, meaning we can
skip five procedures: two diagnostic catheter insertions,
two removals from non-culprit vessel, and one catheter
engagement, as shown in Fig. 1. This technique was first
reported by Youssef et al. for elective transradial PCI
cases, with an extremely high success rate of more than
98 % [12]. Feasibility of this technique compared with
transfemoral intervention for STEMI was reported by
Chow et al. [18]. In this study, we compared D2B time with
conventional transradial intervention, the standard guide-
line-suggested strategy for STEMI.
Another way to shorten D2B time is by direct primary
PCI without diagnostic angiography of non-culprit vessels
[19]. However, this strategy may have a serious limitation,
as it provides no information of contralateral coronary
artery status. We feel that angiography of the non-culprit
vessel is informative for ensuring a safe procedure in cases
of multiple culprit lesions or multiple coronary artery
disease.
In this study, 2 patients (6.7 %) in the IL group had the
catheter changed to a diagnostic catheter (JR-4) for
angiography of the non-culprit vessel because of the
engagement difficulties. In the Conventional group, 2
patients (6.7 %) had the guiding catheter changed for pri-
mary PCI; the number of guiding catheters used in the
procedure was not significantly different between the two
groups (Table 2). A previous study of elective cases
showed that both coronary arteries were successfully
engaged in 98.1 % of cases with the IL catheter [12]. This
difference in results may be due to pressure on the opera-
tors in the emergency setting.
The radial approach by an experienced operator in pri-
mary PCI has been shown to reduce the incidence of acute
bleeding events and is now a Class IIa recommendation in
the latest guidelines [7]. However, a weak point of the
radial approach has been shown to be longer D2B time than
that of femoral approach [10, 11]. Difficulty in puncture,
spasm of radial artery, different engagement method for
guiding catheters, and arterial anomalies of upper limb
artery [20] are reasons for the longer D2B time. According
to our findings, the single universal guiding catheter is one
of the potential methods for overcoming the limitation of
longer D2B time in the radial approach, which could result
in a better mortality rate for patients with STEMI.
There are several limitations in this study. This study
was a single-center, non-randomized, retrospective analy-
sis, and the sample size was relatively small. Additional
prospective randomized controlled trials with larger sample
sizes would be necessary to support our findings.
Conclusions
Primary PCI with a single universal guiding catheter sig-
nificantly reduced not only door-to-balloon time by skip-
ping several procedural steps but also reduced the total
number of catheters needed. These findings suggest that
this technique could reduce patient mortality rate as well as
the total medical costs in treating STEMI.
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Table 3 Independent predictors of shorter door-to-balloon time
Variables Multivariate analysis
Parameter estimate 95 % CI p value
IL use -5.28 -9.68 to -0.88 0.01
t-PM 0.82 -4.87 to 6.51 0.77
Crossover -4.23 -12.98 to 4.52 0.33
t-PM temporary pacemaker, IABP intra-aortic balloon pumping
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